Purpose Data management strategies of pyrolysis results and NMR acquisition modes were examined in humic acids (HAs) from control soils and fire-affected soils. The information supplied by dipolar dephasing (DD) 13 C NMR spectroscopy and Curie-point pyrolysis were used to assess chemical structures hardly recognizable and measurable, or of unclear interpretation, when using 13 C NMR under standard acquisition pulses (cross-polarization/magic angle spinning, CPMAS). Materials and methods The HAs were isolated from two forest soils under Pinus halepensis and Pinus sylvestris in control and burned sites affected by medium or severe-intensity wildfires. For NMR analyses, during DD acquisition conditions, a 180°1 3 C pulse was inserted to minimize phase shifts. CuriePoint pyrolysis was carried out at 510°C for 5 s, and the pyrolysis fragments were analyzed by GC/MS. The total abundances of the major pyrolysis products were compared by an update of the classical Van Krevelen's graphicalstatistical approach, i.e., as surface density values in the space defined by the compound-specific H/C and O/C atomic ratios.
C NMR spectroscopy and Curie-point pyrolysis were used to assess chemical structures hardly recognizable and measurable, or of unclear interpretation, when using 13 C NMR under standard acquisition pulses (cross-polarization/magic angle spinning, CPMAS). Materials and methods The HAs were isolated from two forest soils under Pinus halepensis and Pinus sylvestris in control and burned sites affected by medium or severe-intensity wildfires. For NMR analyses, during DD acquisition conditions, a 180°1 3 C pulse was inserted to minimize phase shifts. CuriePoint pyrolysis was carried out at 510°C for 5 s, and the pyrolysis fragments were analyzed by GC/MS. The total abundances of the major pyrolysis products were compared by an update of the classical Van Krevelen's graphicalstatistical approach, i.e., as surface density values in the space defined by the compound-specific H/C and O/C atomic ratios.
Results and discussion The DD 13 C NMR experiments displayed significant differences in the HA spectral profiles as regards to the standard CPMAS 13 C NMR acquisition conditions, mainly in the chemical shift region of alkyl structures as well as for tannin-or carbohydrate-like O-alkyl structures. In fact, the comparison between DD and CPMAS solid-state NMR suggested shortening of alkyl chains and generation of carbohydrate-derived, unsaturated structures-viz. furanswhich adds to the aromatic domain. Pyrolytic results showed fire-induced specific changes in HAs chemical structure and its molecular diversity. The changes were evident in the location and sizes of the different clusters of pyrolysis compounds defined by their atomic ratios. Conclusions The DD 13 C NMR provided specific information on the fate of aliphatic structures and the origin of unsaturated HA structures, which could be helpful in differentiating Binherited^from Bpyrogenic^aromatic structures. This is further confirmed by the analysis of the molecular assemblages of pyrolytic products, which showed accumulation of condensed polyaromatic domains in the HAs after the highintensity fire, accompanied by a recalcitrant alkyl hydrocar
Introduction
The analytical potential of non-destructive techniques in providing qualitative and quantitative structural information when applied to complex heterogeneous macromolecular materials has Responsible editor: Claudio Zaccone Electronic supplementary material The online version of this article (doi:10.1007/s11368-016-1595-y) contains supplementary material, which is available to authorized users. been widely recognized (Stevenson 1994 and references therein) . In fact, in the last decades, solid-state NMR spectroscopy has established itself as a reliable non-destructive tool for analyzing chemically complex macromolecular structures in soil, such as those in humic fractions. However, even assuming optimum acquisition conditions, the interpretation of solid-state NMR spectra remains difficult (Wilson 1987) . This is mainly due to (a) the overlapping of signals from the numerous C-types in complex macromolecular structures (e.g., in protein-like structures, alkyl, carbonyl, or methoxyl groups) or to (b) the ambiguous signal assignations (e.g., aromatic vs. unsaturated alkyl structures). An elegant approach to reduce the problem of peak overlap is the use of dipolar dephasing conditions which allows to distinguish between C groups with strong and weak dipolar interactions with the proton spin system (Alemany et al. 1983; Knicker 2011) .
In this work, we take advantage of the supplementary information provided by DD 13 C NMR on chemical structures that frequently produce signals of unclear interpretation when obtained with standard 13 C NMR acquisition pulses (Smernik and Oades 2001; Czimczik et al. 2002; Conte et al. 2004 ). This technique was applied in the 1980s to study lignins and HAs from volcanic soils (Hatcher 1987; Hatcher et al. 1989 ). In particular, DD 13 C NMR could result particularly responsive to the structural arrangement of aromatic structures in soil HAs, i.e., their average degree of protonation (Wilson 1987) , which is an important issue in soils subjected to the impact of fires. In particular, it has been indicated that an enhancement in HAs aromaticity occurs in fire-affected soils (González-Pérez et al. 2004 ) due to two simultaneous processes: (i) concentration of defunctionalized, preexisting aromatic structures of high resistance to thermal degradation compared to the aliphatic soil organic matter constituents and, (ii) thermal rearrangement of aliphatic constituents (mainly carbohydratelike) leading to newly-formed unsaturated (anhydrosugars, furans) and aromatic (including polycyclic) compounds. In particular, the balance of aromaticity could be considered an index surrogate for fire intensity (Almendros and González-Vila 2012) , which cannot be easily expressed in terms of the concentration of pyrogenic structures since it has been demonstrated that DD relaxation times of black carbon standards are substantially the same than those for biogenic aromatic Cforms in fire-unaffected soils (Knicker et al. 2005; Knicker 2007) , suggesting that pyrogenic structures are less condensed as commonly assumed. In fact, the parallel monitoring with degradation techniques such as Py-GC/MS (also considered a convenient tool to release meaningful structural fragments from C-C bonded, chemically recalcitrant materials) is convenient to provide complementary chemical structural information.
Nevertheless, due to the well-known limitations of degradation techniques to yield unbiased quantitative results, in this paper, the pyrolytic molecular assemblages will not be discussed from numerical values, but approached from a visual inspection of plots where compounds of similar stoichiometry appear as overlapped clusters. The sizes of such clusters would depend both on the population density and the total abundances of the individual pyrolysis molecules when represented in simple discriminant axes (i.e., the H/C and O/C atomic ratios) defining well-known biogeochemical structural gradients (van Krevelen 1950).
Materials and methods

Sampling
Two forest soils under Pinus halepensis and Pinus sylvestris were sampled in control, in unaltered sites (labeled as F1, F3, respectively), and in neighbor burned sites (F2, F4). The control soil plot and its burned counterpart had similar characteristics (Table 1 ). In the burned sites, the pine vegetation was completely removed either by severe (F2) or mediumintensity wildfires (F4). Sampling was carried out in duplicate; composite samples of five subsamples were collected after removing the litter layer, when existing, and the soil material (O horizon) was collected with a spade. The samples were airdried; large organic and mineral fragments were removed manually, and the soil sample was homogenized and sieved to fine earth (2 mm). 
Soil general analyses
Extraction of HAs
The HAs were isolated after the previous physical removal of the particulate soil fraction with plant remains (free organic matter) by flotation in a 1.8-kg m −3 CHBr 3 -MeOH mixture and centrifugation (Monnier et al. 1962) . The resulting soil pellet was desiccated at 40°C, grounded and extracted with 0.1 M Na 4 P 2 O 7 , followed by 0.1 M NaOH, five times each (Duchaufour 1987) . The brownish supernatant solution (i.e., the total humic extract) was precipitated by a dropwise addition of 6 M HCl leading to insoluble HAs, which were dialyzed in cellophane bags and desiccated on Petri dishes at 40°C.
Solid-state CPMAS-NMR spectroscopy of the HAs
The solid-state 13 C-NMR spectra were acquired with a Bruker MSL 100 (2.3 Tesla) at 25.1 MHz, and the CPMAS was performed at 4 kHz. Between 10,000 and 90,000 free induction decays per spectrum were accumulated. The pulse repetition rate was 0.5 s with a contact time of 1 ms. The chemical shift of the NMR spectra was referred to tetramethylsilane (= 0 ppm) using external glycine as standard (176.03 ppm). It was considered that these conditions provide reliable quantitative integration values in the different spectral regions (Fründ and Lüdemann 1989) . Concerning DD NMR acquisition conditions, the spectra were obtained with the same amount of scans, introducing a delay time (DD time) of 60 ms before acquisition. During the DD, a 180°1 3 C pulse was inserted to minimize phase shifts (Hatcher 1987; Hatcher et al. 1989 ).
Pyrolysis-gas chromatography-mass spectrometry
The HAs were subjected to Curie-point pyrolysis using a Horizon Instruments pyrolysis unit connected to a Varian Saturn 2000 GC/MS system. The samples deposited on ferromagnetic wires were heated at 510°C for 5 s. The temperature of the interface of the pyrolysis unit was set to 250°C, and the gas chromatograph was programmed from 50 to 100°C at 32°C min −1 and then up to 320°C at a rate of 6°C min Tentative assignation of the structure of the pyrolytic compounds was carried out from their electron impact mass spectra (70 eV) and also based on the retention times of the main series of homologous compounds, after monitoring the selected ion traces in the reconstructed ion chromatograms.
The peak area (total area counts) of the pyrograms was integrated for the different compounds and calculated as total abundances (excluding presumptively contaminant compounds and minor compounds representing less than 0.5 % of the total chromatographic area). Pyrolysis compounds in the four samples were essentially similar, and in order to build up plots showing at first sight the semiquantitive differences between the four scenarios studied, the method devised was plotting Bsurface density plots^from the total abundances of the molecules in the space defined by their H/C and O/C ratios. This method represents an updating of the intuitive classical Van Krevelen (1950) graphical-statistical method, very useful to identify molecular changes in the course of e.g., coalification or humification processes. In fact, such an approach has been routinely used to simplify the interpretation Sample labels refer to the BMaterials and methods^section of the very large number of ions released by a Fourier transform ion cyclotron resonance mass spectrometry (e.g., Kramer et al. 2004) . In this case, the atomic H/C and O/C ratios of the pyrolysis compounds were represented in the basal plane (x,y axes) whereas the vertical dimension (z axis) corresponded to the total abundances. By using the authors' own ad hoc computer program, the original z(x, y) vectors were transferred into a 50 × 50 matrix (suitable to reallocate the 103 individual compounds represented in the new space defined by the atomic ratios) by an agglomerative manner (i.e., the total abundance values z were summed when overlapping in cells of the discrete plane defined by the 50 × 50 matrix with the atomic ratios). In a second stage, up to three iterations of the moving average algorithm (i.e., averaging four neighbor cells together with each central cell) was used to interpolate neighbor z values to yield a density surface. Despite the limitations of surface plots for comparing multiple samples, the differences between pairs of samples (e.g., F1 vs F2 or between the unburnt F1, F3 samples) may be graphically displayed as subtraction surfaces with peaks and valleys, in this case, illustrating concentration or selective depletion of the constituents of structural domains of different thermal resistance (Electronic Supplementary Material).
3 Results and discussion 3.1 Solid-state CPMAS-NMR spectroscopy of the HAs Figure 1 shows the comparison of the solid-state 13 C NMR spectra of the HAs from the two soil plots before and after the wildfires acquired with CPMAS conditions, as well as their counterparts obtained with the DD pulse sequence. For more straightforward quantitative comparison, the DD spectra and CPMAS spectra were scale-adjusted to the 172 ppm peak, since the corresponding carbonyl carbons are typically nonprotonated, and their intensity should only be slightly affected after a dipolar dephasing time of 60 μs.
Up to four main spectral regions were integrated corresponding to different C-types: alkyl C (0-46 ppm), O/Nalkyl C (46-110 ppm), aromatic C (110-160 ppm), and carbonyl C (160-220 ppm) (Table 3) . A series of subregions were also integrated independently (Table 4) : mobile alkyl carbons (0-25 ppm), rigid alkyl carbons (25-46 ppm), carbons in primary and secondary alcohols, ethers and amines (60-90 ppm), acetalic C in carbohydrates and carbons in quaternary condensed tannins (90-110 ppm) not substituted by aromatic carbons, or having alkyl substituents (110-140 ppm), hetero-substituted aromatic carbons (140-160 ppm), carbonyl and carboxyl carbons, esters and carbonyl amides (160-190 ppm) , and carbon in aldehydes and ketones (190-220 ppm) (Wilson 1987; Preston 1996; Skjemstad et al. 1997; Hu et al. 2000) .
Comparing the CPMAS NMR spectra of samples F1 (unaltered) and F2 (severely affected by the fire), a clear indication of the fire's impact is given by the high contribution of aromatic carbons in the latter (F2, CPMAS, Fig. 1 ). When comparing the CPMAS NMR spectra of F3 and F4, the impact of fire is not as intense as in F2. A detailed assessment of the differences observed in the various spectral regions is as follows:
Original soils
Fire-affected soils Table 3 Table 3 Chemical shifts, integration values (%), and ratios between the main regions and subregions in the 
Alkyl region (0-46 ppm)
This region includes signals assigned to saturated hydrocarbons, from primary to quaternary, including alkanes and most alkyl groups. In the case of HAs, these signals can be attributed to methylene C in organic acids such as fatty acids or peptide structures. Some may derive from fatty acids, waxes, resins, cutans, suberans, or condensed C-C networks in alkyl domains which were co-extracted with the humic material. Table 3 shows that the contribution of alkyl carbons varies from 19 to 33% of the total carbon. Comparing the CPMAS and DD
13
C NMR spectra allows distinguishing between alkyl carbons, in short and medium chain structures and alkyl carbons present in long chains with high flexibility (Kögel-Knabner 1993) or mobile terminal methyl groups. The region between 25 and 46 ppm is often ascribed to CH 2 , CH, and quaternary C whereas signal intensity in the 0-25 ppm region is typically for CH 3 and some CH 2 . All spectra reveal an important quantitative contribution of both types of alkyl C. Considering the high-intensity loss of the total alkyl C region during dipolar dephasing, some prevalence of protonated or rigid components may be assumed. Note that for both sample sets, the fire event yielded in a decrease of the ratio between fast dephasing C and slowly dephasing C (CH/C) in the chemical shift region between 0 and 46 ppm which is best explained with a decrease of compounds with comparatively longer alkyl chains and thus a relative increase of mobile terminal methyl C.
Region 46-110 ppm
Signals in the chemical shift region between 60 and 90 ppm correspond to the C 2 -C 5 and C 6 (secondary and primary alcohols) from carbohydrate-derived structures. During charring, such structures are strongly affected and quickly transformed into furans and benzenic units which are expressed by a relative decrease of the signal intensity between 60 and 90 ppm with a concomitant increase of contributions in the chemical shift region of aromatic C. In our study, this alteration was more expressed for the sample set F1 and F2 than for F3 and F4. The region between 46 and 60 ppm includes signals from methoxyl carbons but also from N-substituted alkyl C such as the Cα of amino acids. The DD spectra help to infer the quantitative contribution of these constituents: when produced by CH 3 O, some intensity will remain after dephasing for 60 μs, whereas it vanishes when it derives from R-CH(COOH)(NH 2 ) (Preston 1996) . As indicated in Table 3 , in our samples, most of the intensity in this region is assignable to N-alkyl C. The slight increase of the CH/C ratio of this region at both sites after the fire may point towards a preferential degradation of CH 3 O, possibly due to the removal of this group from lignin residues during fire.
Region 90-110 ppm
In the region between 90 and 110 ppm (centered in 103 ppm), the intensity can be assigned to anomeric C (C 1 ) of carbohydrates and to quaternary carbons (C 4a ) of condensed tannins (Fig. 1) . If the signal derives from condensed tannins, its intensity should remain unchanged in the DD spectrum (Wilson and Hatcher 1988; Preston 1996) . In our spectra, approximately a half of the intensity in this region survives dipolar dephasing, irrespective of the fire history. However, here one has to bear in mind that e.g., fructose may contribute to the low dephasing carbon pool.
Aromatic region (110-160 ppm)
Aside from aromatic carbons, this region includes signals corresponding to olefinic carbons. Protonated and alkylsubstituted aromatic C give signals between 110 and 140 ppm. According to our DD spectra, approximately 50% of the aromatic C contributing to this chemical shift region are protonated. Hetero-subtituted carbons produce signals in the chemical shift region between 140 and 160 ppm. Some signal intensity may be ascribed to lignin: 145-150 ppm signals from the C 3 and C 4 (Maciel et al. 1985) . However, after charring of carbohydrates, Cα of furans will also contribute to the region between 140 and 160 ppm. The signals of the respective Cβ are found between 110 and 120 ppm. Whereas, the ratio O/Nalkyl C-to-alkyl C showed no major alteration by fire, a clear decrease was observed for the alkyl C-to-aryl C and O/N-alkyl C/aryl C ratios in the spectra of the HA from the soil under burnt forest F2 as regards to its control sample F1.
Carbonyl region (160-220 ppm)
This region includes signals from carboxyl acids in esters, amides, aldehydes, and ketones, the latter producing signals of small intensity between 185 and 200 ppm. Although charring is expected to lead to decarboxylation, no considerable decrease of its relative contribution to the total C of the HA from the burnt soils relative to the unburnt counterpart was revealed. However, here one has to bear in mind that the standard isolation procedure for HAs extracted only substances which are soluble in aqueous solution at high pH. Thus, only oxidized or partially oxidized black carbon residues were extracted with our approach.
Study by pyrolysis-gas chromatography-mass spectrometry
The major pyrolysis products are listed in Table 4 . The main series detected corresponded to alkylbenzenes, methoxyphenols, alkylphenols, n-alkanes, n-alkenes, fatty acids and steroids (Tinoco et al. 2002; Miralles et al. 2015) .
Major peaks for C 3 -C 6 alkylbenzenes (compounds 11, 20, 27, and 35, as different isomers) are present. Also, several polycyclic compounds such as indene (compound 10), alkylindenes (C 1 -C 3 , 20, 26, and 34), naphthalene (compound 16), and alkylnaphthalenes (C 1 -C 3 , 24, 32 and 42) were found. Different fatty acids were identified from their m/z 60 ion trace (mainly even-C homologs from C 14 to C 18 , the major compounds being 59, 66, 70, and 78). Pyrolysis also released typical iso-pentadecanoic and anteiso-pentadecanoic acids (compounds 64 and 65, respectively). The total abundance of n-alkanes (C 9 -C 26 ) amounted to 0.1-9.4%, whereas that for alkenes (C 5 -C 22 ) ranged between 0.7-17.6%.
Phenolic compounds (2.8-23.3%) were major pyrolysis compounds. They included phenol (compound 4), vinylphenol (compound 12), C 1 -C 5 alkylphenols, and several methoxyphenols with typical lignin origin. Phenol (compound 4) and cresol (compound 8) reflect the contribution of lignin and proteins (Saiz-Jiménez and de Leeuw 1986a, b) .
The semi-quantitative information of the pyrograms was represented as surface density plots (Fig. 2) . Such a plot displays the total abundances per unit area distributed over a surface. In this way, the third dimension in the space defined by the atomic H/C and O/C values is a function of both the abundance of the individual molecules and their proximity in the basal plane (i.e., not only the abundances of isomer compounds are aggregated but also compounds with similar H/C and O/C ratios coincided in the same cell of the discrete 50 × 50 matrix). The resulting 3D plot (Fig. 2) shows welldefined, mountain-like broad peaks corresponding to clusters of compounds with similar stoichiometry. Increasing the number of smoothing iterations (moving average, e.g., 3 in Fig. 2 ) leads to decreased Bresolution^(poor displaying of small-size, sharp compound clusters, or individual molecules behaving at outliers), but alternatively shows a more simplified 3D plot illustrating the presumptively Bmajor^macromolecular domains.
At first glance, the major compound domains are welldefined in terms of the H/C and O/C ratios, i.e., aromatic and aliphatic compounds are clearly separated as isolated clusters or 3D peaks, in the latter case embracing mainly alkanes, olefins, and fatty acids. The intermediate regions of the H/C axis include clusters for terpenoids, steroids, and other hydroaromatic compounds, whereas well-defined clusters for series of alkylbenzenes and progressively condensed polycyclic Considering the O-containing compounds, the most conspicuous clusters formed were those for phenols, methoxyphenols, and alkylnaphthalenols. In particular, the differences between guaiacyl and syringyl compounds are evident in the plot as separate clusters. A valuable feature of the interpretation of the pyrolysis results from the surface density plots is that the changes in the molecular composition of the HAs are straightforwardly evident after visual inspection (Fig. 2) . Classical fire-induced effects (e.g., dehydration, decarboxylation, demethylation, aromatization, and increase in chemical diversity after accumulation of newly-formed cyclic or polycyclic compounds) (González-Pérez et al. 2004; Jiménez-Morillo et al. 2016a ) are evident as changes in the position and size of the major clusters. In fact, in Fig. 2 , progressive aromatization and condensations are quickly recognized as the Bshifting^of the major clusters towards the origin of coordinates. In order to illustrate changes in aromaticity (i.e., generation of pyrogenic polycyclic compounds), we consider that this presentation of the cumulative results is more structurally meaningful than e.g., calculating classical families of compounds: phenanthrenes, naphthalenes, benzenes, phenols, etc. Due to these series of homologs include alkyl substitutions (in this case and in general from C 1 to C 5 ), the changes in aromaticity and condensation are accurately shown by the size of the clusters. For instance, alkyl-substituted 3-ring compounds may have larger H/C ratio than the dealkylated 2-ring counterparts (may share the same coordinates in the H/C-O/C plane), and therefore the accumulation of pyrogenic aromatic material is properly reflected by the Bshifting^of the cluster peaks towards the origin of coordinates.
The comparison in Fig. 2 of the surface plots for HAs from the control and fire-affected soils shows clearly the different response of the pyrolysis products in terms of the intensity of the fires: high-intensity fire (F1-F2) and low or medium intensity (F3-F4).
The differences between the soil organic matter quality in the unburnt forests (F1 and F3) were also evident in the surface plots and probably contributed to the comparatively severe effects of the fire on the HAs from the former forest (F1: semiarid conditions and thick litter layer almost exclusively consisting of dry pine needles, which was probably associated to the large yields of methoxyphenols indicating accumulation of non-decomposed lignin in the HAs) as regards to forest F3 (moist mountain forest with herbaceous layer and humic substances at advanced stages of diagenetic transformation). These differences in F3 soil are probably reflected in the lower yields of methoxyphenols and dominance of olefins, the latter consistent with macromolecular rigid alkyl domains incorporated into the structure of the HA (Fig. 2) .
In the high-intensity fire (F1-F2), a clear rearrangement of the HA alkyl domain is observed in which fatty acids are selectively volatilized by thermoevaporation or previous inchain cracking. Nevertheless, decarboxylation of fatty acids leading to fire-recalcitrant alkanes and olefins, or the selective concentration of preexistent recalcitrant polymethylene structures is also suggested by the plot. This phenomenon is not unusual and has often been related to increased water repellence of soils after the fire's effect (DeBano 2000; Graber et al. 2009; Jiménez-Morillo et al. 2016b and references therein) . Changes in the polycyclic aromatic region are also evident as a result of fire, suggesting aromatization and increasing ring condensation (Almendros et al. 2003) . In addition, hydroaromatic products also accumulated after fires, and the prevalence of phenols over methoxyphenols (mostly of the guaiacyl-type, as correspond to the pine vegetation) was also observed.
In the medium-intensity fire (F3-F4) event, there is a clear increase of compounds of a very low H/C ratio, which is interpreted of accumulation of newly-formed (or diagenetically transformed) polycyclic aromatic structures (González-Pérez et al. 2004 , 2014 Almendros et al. 1992) . Nevertheless, the total aromaticity also increases in relative terms due to the probable selective preservation not only of structures yielding alkylphenols upon pyrolysis but also methoxyphenols. As some differences to the high-intensity fire (leading to severe selective depletion of most compound types), in this case, it was more evident: (a) some resilience of alkyl constituents including acids and (b) outstanding quantitative and qualitative increase in chemical diversity of aromatic compounds (i.e., fire does not lead to simplification of the molecular assemblages from HAs, but to accumulation of newly-formed structures in addition to preservation of other aromatic compounds that in the unburnt sample represents minor compounds).
Conclusions
a) Dipolar dephased 13 C NMR spectra of the studied HAs provided specific information on the degree of aromatic substitution, which could be useful in the appraisal of pyrogenic structures in HAs from fire-affected soils. The DD 13 C NMR spectra of the HAs from fire-affected soils confirm medium-size domains of newly-formed aromatic rings. Considerable signal intensity in the chemical shift region of O-aryl C indicates the presence of furans. Nevertheless, the accumulation of Bsecondary aromatic structures^was only evident in recent, high-intensity wildfire, whereas CPMAS and DD spectra of HAs from soils after moderate burning indicated mainly internal rearrangements of the whole aliphatic domain, reflected by the decrease of the O/N-alkyl/alkyl ratio. b) The analysis of the Py-GC/MS data clearly show the different responses of the pyrolysis products in terms of the intensity of the fires: total abundances of polycyclic aromatic hydrocarbons showed a systematic enhancement as results of burning, whereas proportions of O-containing aromatic products (e.g., phenols and naphthalenols) tend to increase after a medium-intensity fire where inputs from plant charred material are observed on the soil. c) New Bsurface density plots^based in the classical Van Krevelen intuitive graphical-statistical method were found useful for the rapid interpretation of semiquantitive differences between complex Py-GC/MS molecular assemblages from samples representative of different environmental situations. In fact, the unsupervised formation of clusters or 3D peaks including compounds with similar atomic ratios is helpful to monitor the changes in aromaticity, demethoxylation, and oxidation, at least compared to the supervised, time-consuming calculation of cumulative values for homologous series of compounds according to conventional criteria of chemical nomenclature.
The resulting patterns of compound clusters formed in the space defined by its atomic ratios reflected the main molecular fire-induced transformations in soil HAs after high-or medium-intensity wildfires in a natural scenario.
